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Abstract: This paper presents a two-stage pronoun resolution algorithm. It does not need to clean the testing
corpus and predefine patterns manually. In the first stage of the algorithm, some new features and machine learning
methods are used to classify pronouns into anaphoric and non-anaphoric ones. In the second stage, these two kinds
of pronouns are resolved respectively. For the anaphoric ones, some methods are presented to extract distance,
syntactic, and semantic features etc. For the non-anaphoric ones, the Right Frontier Rule is improved to do the
resolution work. While testing the corpus published by Byron in 2004, this algorithm achieves a precision of 77.0%
and a recall of 66.0%. Compared with the work of Byron, the algorithm is fully automatic, and the results are much
better.

Key words: pronoun resolution; spoken dialog understanding; pronoun classification

W E RE—E0AM TR BRI R LEREEALFRIEATRE XN FEH 1 5K —2F
R AEF WSS 5 3] Bk AT 4 38 M A8 RAX T8 Ao 3E 4 37 M 484X (non-anaphoric) K33 4K, 5 2 F 4 B xt ) K ARIE AT IH AR
A 4 A AR FEARIE AR AR B T E R T 1B E A ARSI B T ik, e R etk ik AT RISE B . Bk, GE
SUSF 6 3R Ak T ik, ARG 18 AT 4R A X S A AR R R 45 R AT 1) AT At AR 4 38 M AS AR A LRI (right frontier rule)
PR A T VAL B E T A ShabIe T X FARIE Z AN A #4047 T A Byron T 2004 44 A7 #9384 L iiK, K #f E
HELF| 77.0%,8 € FKE] 66.0%.5 Byron 89 TAZF ik ERIER LGRS A TR B NERS T HM
NEX

KEIR: RO, 0 B AR R 5 K

HEESES: TP391 XHRFRIRAD: A

155 i (spoken  dialog) & $5 15542 HAT 3. BE H 5 G 45 R G0 0 & Y, 8 o i B A9 3 T Ll

« FEGTUH: [HE A ARESES (60503070, 60673038); LR A K1(08511500302)
AR B TE): 2009-02-20; 52 Fi fif 18] : 2009-08-12
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DA B 22 (¥ 95342 ACL(http://www.aclweb.org/) 55 T 51 75 2% A 0 T2 S 2 T SE AR 2 A R 16 AR DG Uit &
FIBESE T HESEAHE ) SIGDIAL (http://www.sigdial.org/info.php)2 & i £ 180T X 1% HP (10 A 3] 84 i i U 2 4 Thi
TR 1T XU AN T e (K F 4y
5 A5 5 AR B, T 16 A IR 2 Rk 2 b,
1 T AS BEAR A T E A RE ) BB B i, WA I AR R R B AbFE L SIS E A O P A
15 B AT A A 3 ke, R e 3 0 P AR AR R R AN SR B A3,
%] 1:s: well or we could send [engine e three]; I mean start [it], before the one with the boxcars I mean would
would because the oranges are getting there in plenty of time
u: okay
u : so if [we start [it]; before], is that is that will [that], change the time
s: um yes so then we would get to Dansville at three a.m.
PTG SR A N AR T A HL AR B R0 1 SO BB D BR RS 0 1 s IR I
FIL 3 O 8 45 R B N AN T
T AN 53 4 1 TR0 1 TR 1 SCE B el ok T R T TRk 1 SO B R AU R AR
W W B P B SRR AL
B X T X 3R SCAS 5 R AN T BT £ T 0, AN 2D DA A R 9 A A AR AE T T b iRk B AT K, A e
R T N TARCAEIARE R Rk, RS s B2 L Se T B Tk . 'S B sk TR S+ K
BT TR 281X S B9 I RCR I M R & 32 B3 W, eV AE H 2R 77 42 (spontaneous) 1 5% 15 18 K} L $F, t 1R
ek SERI MU RTINS
NN v 5% 8 =95 SR R AT E R AWIER 24 Db 1Pt /0 Bt DR AR R AV B M T X P AT
% (anaphoric) i A8 A1 9F 44 il 7 (non-anaphoric) 3§ 8 (¥ EE 451 5 510 T8 A BT AS 5] 170. 44 4 PE AR AR 1 a2 R $8 7 il 15
Tf) 015G AT T A 44 ) 1 (6T 6 3 43 T 1 wp B R O 95 17 52 4 26 47 % %2 (individual/concrete entity). 2L Al 4 [ 4 54
A RS FERER IR N HE A AR AR, 10 AR AR L 98 17 15 1 (discourse-deictic) [ FR 4K
w1 i g A4 ] PEFR AR, “that 2 JF A W PERRAR AN D GE v R I, A 44 1 PERR AR LI AE i ep LR S R
R 2 A SwitchBoard X i iR} |, AR 4 G Pk H8 AR 10 EU 1 #5058 55% A2 A7 P ¢ %8 4 Trains-93 X ikl 47—
A L0 AT BRI AN S 44 1 PR AR £ X T BE Monroe 1, 45 40% 26 A5 (KA B AN 1) 4 i) 14 S 7] L i 6 15 1T v
o A 7E BNC iR, HA 22%I00 it AN 2 4 1l PR AR 78 ACE kb AT 20% 2645 1R it A 2 4 1 PR AR AR 1)
ATt 7 A8 o 438 AT IF A 44 3 P i AR TR 0 R A T o B2
FEFRATHIE ST AR, 1 R A AT i AR A 35325 N P 2 52 8 0 0 A 05 A ST o e ip AR 5% AR,
AR UL Al B A, S5 e R4 R DA B BEAT A A IR R I BT T TR AR 9% AR R AE Bl UM R
INTTE T 25 R8T AR P B By K ) I AV R A G R R AQINT A SO BRI L AL TR SCARRFAE B R AL T B i
Sl RO 2 203 7 3%, DR AL W A S R o 23K T PR AN [ £ 7592 oA e Ak e 41 A7) A W A I 44 ) PE R AR, FRATT 25 8
T LU AR 22 S IR T A i S (right frontier rule)™!.
ARSCER 11 O SR A O AR5 2 W o M A g AR AR A A ob B 8 P e I B 20 A8 XS B A SR T
AE it T B AR AL A 30 A 11 800 138 o AR P AN A AR B ) L 28 3 5 SR AR SCHe RO R A A S0k e 0 3
ARGy E 1 A AR B B By R, 2 W0 I A R AR A SR, B 3 i I IR A MR AR
AR S5 B 4 TR S KL 58 5 TN B S .

1 OENERRENREEEXITE

LIS B E HP AR AR AR T A 2 — & Eckert 2 A\AE 4> SwitchBoard i i A L HEAT (2 Al 47158 14
T AR & 1 FR ACTE X G R B IR T R T 50 R I AR R AR AT 4 — &R AW B R T
I-Incompatibility (A~ & F1 44 i 4 ME 2 #5150 ) J8 P AT A-Incompatibility (S B8 R G2 & 44 C ) Jeg P 4R o AR 4 AR i )2
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TAPAR F v aExtiE F 69 RI9 480N 1 235

05 B A X 2 4 3 5 0 R 0 B AR 43 Dy 44 3 1 i A A R A4 R PSR AC A AT IR T R R b bR ) ) T
P T 5 R RO G 4 B 0 5 A S BRSO R X STV R gl TN VR, O B SE . Strube 25N £
Switchboard X i ¥ kL Fotf SCBR[2]F0) T A T SO P A FR 2056 M0, 50052 18 T il B PH B SRR AE,
SR FH SR AT T AR % S R R A2 3 R R T bRy ) 1555 B Byron £E L L 22 4 i S
PEANA 28 T BE 6 B0 1 ST F8 AC M R 22 48 PRORAM, 1% 2 45 AT DLW A 6T 375 v 44 ] P 45 A0 A0 = 42 il R 4540
AR B R SR AT ] R B T I N T SCAE ST 0 48 2R ) S R 3 43 1 W R R Trains-93 B
AR, LS AT LA 3 72% 000 IR0 2 A% 58 56 B 40 FH 00 15 R 3 R T2 AR AR 8 (R 2 15 R 40 0 i e R 4
TABUERR T S0 AN EB 2 Tetreault 45 AFE FE X 1E B R Monroe L HEAT T 840 fi# L 1B 5 HoAb AR ¢
TAEA B TAERIH T 38R 4= B8 SCEN PR RAHME 1L S AT 17 R AT 20 R A% B EE E B A B LRC(left-right
centering)!" 2V S X S8 AT ) 10 3 98, % A TR 06D SO R T B T s SN R A R T
F T YRR AP AN TS 2 2 B8 T Miller SEBL T — & n] LU A “it”, “this” A1 “that” I FR AR Al R 48, 1% i &
GEAER B T A WA B 2 07 % i (multi-party) 15 BF 1CST _E #4710 B B BG 8 R A X 4 55 35 % 46 il S0 A
(transcription) Ji , N TIIA TAR ST 5 ARG R . AR, B — SR L R SR, Rl - G B
(mutual information)>i 3 Wi 5 1 S AT 17 FHAC TR 018 X —BOPE. G025 [ RRAE Sl B 72 2 v o 202 B 30 190 (FL T £
P BEBAR . o I (R VD00 85 SR A0 R A 42 1) T P A IS Ay 21 %, T8 AR AIE 44 3l P F8 4K 12%, B9 R 5 A 3L R 1) F-value
HA 18%.

2 AEXE RIS RERREHE D 4

AATHEVEGN 53 AL e b HE AT A AR Hh B A R AE B 40 7 DAAE B 15 AH OC A vb i H )RR AR
figp 0 R R AT R AR 2 A AE 1 ) A
2.1 RIRSEHHE

A AR 43 S48 1R 2 F WA 1) 2 4 1) 1 48 AL A E 4 ] M4

E S AR 73 AR K T A b, — R N T3k 1) DA K 5 R £ 77 3%, G SCRR (2180 A AR BE S )~ 2541 K
AR AR D G R T LA 2 2 (% )5 30 G e Dy vk BUBR AT L 2 1, 1H A8 P () R A 88 40
TRETF LT LA

4, 72 SCRR[LSTI TAE R T 38 ANF T4 'S (AR, 58 40 40 R

obj verb: A1 & 15 ok T

dist to next adj: 3| T —ANJE 2 1A 1) FE 25

oblique: & 17 IR T /i ;

seem list: 15 J5 [HI 118 1] /& 75 4 seem,appear,look,mean,happen,sound.

XU ARG T T UL B AR B 3V, B 1wl 3 e 52 21— BR .
2.2 AR IAENEBEFE
221 PEA. REHL ARR— 2k

FEFR A HIE T AR b 42 21, e 5 i b PE . P R, ARRAT I AN B8 1 #E Trains-93 15k} R 4047, 3k
IR AEL T R BLS

5] 2:s: okay taking the two [boxcars]; okay so it gets to corning at two a.m.

u: and then we have to fill [it]; with oranges

] 3:u: alright so uh alright I’'m gonna have [engine e two], go through then and pick up the um the boxcars in

dansville
s: okay

u: like we planned on doing except [he],’s not gonna take the original two boxcars.
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1 2 5 2 Ay h SREUIE “itHR ) T 5 1) B B AT i “boxcars” AL 3 th 45 ) B3 L AR I “he R
7] T H ST 4 “engine e two”.

AICAE M B BRI B LE B PN RRAE S FIWT R AR R AR R M e MR A
2.2.2 g (recency)

T H PR AT AR S 2 FE ) B S 1) (sentences) 2 [7) [ #E B 5% 3% BLV% (paragraphs) 22 [7) /) 25 U8 (L J2: 76
XU 1, AN 1 T (utterance, — N3 18 M A JOE LI BIE) T o B R W B RS C I 2 s e e A
T3 2 AU TE A BE U050, TR B B B, PR 5 B 1 1 BB R R 2 U N U
223 i

TE VR AE AR S A L 45 A M8 A 5% T U823 2 B AN [ 02 A €8 L A 44 3 AR AR B A AR s U
VLA AT OC R AU

ARLAE FVEB 15 P T AN SR 20 (R A7 A 8 T 18 125 5 A 1) 8 AT A 7 9 A o DUERASH 4 (R R Ee A,
E LU 52560 A F 00 R ) LRC B3R 8 11 8 S R 8 T T VR AR A b 343 S0 o BT 7 (K 1) 1 2 TR < R
CRR AR AR SCRR[4] AR R LRC SLVELE Trains-93 5l B BEEAT 37% 1) IE A IR ik, 38 431 5
11 B S 475 (4 934 092 T AR AN 15 2% R 3 BTG 11 1 v g B2,
224 i X

AT A BT T SC— SOV (K T A 7 VR UG T AN 1 A SR 24200 3 4y o ek ) AT A R S A R A i e 15
10018 S B0k, R T A5V iR TR 326 S AT 181 T a8 1) V5 ¥ 55 A0 R J3T 4% T 1) 1] R 40 W Ak 32 2/ AT 1) 72 15 195 G A VH
AR LR PR T SCER BT Q00 A0 AT TR S R, AT I R AR (005 G M S AT TR 12 T AR 2k b 1) 3, o SR Ak
o 7 I DL T8 7RSS T4 T K B .

A B SC— B0 R AT P PR g 9, Rl R T AR 1) T R S e 5 s ST T 2 IR 1) TR U Sk )
BT T R 326 AT 10 1) 1) 9 S Bt %07 ¥ M T TR R MR R Dy A T v s e R R
Gt Bl ECHE T DL T T S O 1 8 R AR 2, B T I S T AR SRR T S Bk A R i 8
BETF G 10 7 1005 T A7 7 00 i A 1 ) R,
2.3 HiaFRHM

H T A A4 1 PSR AT iR 1) B — B 2l 1) L v B A U B 44 1 R AR BT W DT R BT RS R A —
JB T i T A e Xt AR 44 T R HiR X, Webber B 17 A7 R S0 I d SRAE 4 4 2 5 AR KT A B A F A
B )i L FE 1) S S AR S 4 SR BOREAS P2 AT 3 1] R (not accessible). 1% /7124 Eckert 5% A9 Ji
L A 10 T o £ 0 8 A v P SR 3 At A 22 SR T B 3R

(1) B S AEAA P A5 1% AR 7R U] 1A e 12 B A8 B AR A AT X 4

(2) G SRAE A A v AN B H T e T 1) ) 1 v s A T g (RIS AL 2 A v R R AE D B AT X 45

(3) T R i v B3 F A AN S IS R A 8 B ) T AT S B A L S AE SR AT R R

AT LU A 3 SR MO0 03k G5 A4 (RS B 20 BT 7 1 6338 v 552 s i LA 3l A 3.
3 KiFHBRER

AT VE A A A SR S FRATTHE T R I R 23 S P 28 e R AR 43 28, RO L AR 2 42 1) 1R 4R ARE 2 HE
2 PR ARG 23 VY il X P 2R HE AR
3.1 RiAn%E

AT ORI, AR ST R AE A AR AR L Rk R DURGE SCEEE B Wl 4 AR e AN [F] Y
I RFR . LG 15 AEIAE LR SO T 8 T AN A 2 8L

% 4:Go to Corning load them up and then take it to Bath.

How long will it take for the two engines and two boxcars to get to Corning.

© PEBEBSAITT  hip:/ www. jos. org. cn
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You’d need to convert and that takes an hour so it’d end up being seven hours on the way back.

TEH 1 A<tk 2 P FR AL, B M B “take” LB T “B) R R AEH 2 A, <it” h AF 44 1 PR 48 A, S AR A
AR T 2y 1] “take” A OC RSB« AH LR 3 Ayrp it 2 JE 44 Wl PR HR AR, & T O iRy i 4 e 7« 3=
TR AR MU 3] i “end”.

MRAFTEVE T AL B A5 AR D A TR WA 2B TR (R AR AE 2 — SR BEAFAESL 73 O 5 98 WA 1 P OARFAE 1~
E 5. 50 40, AT J B 8] B S AR A A D R AE, LA AR S X B B8 23 4T 2 S5 45 B IR AOBESG R = o2
AR R 5 BT TR AN, UL 1 W IR AE 6(AS SC TR H TE VA B AT #3457 4 Stanford Parser Version of 1.6 i, 2% H (1)1 14
FriE%s N stanford-postagger-2008-09-28 fi).

Table 1 Features for pronouns classification
R 1 QA AL

No. Feature Explanation
Feature 1 is the pronoun itself. If we only identify one certain kind of pronoun,

! The pronoun such as only identifying “it”, this feature will be neglected

The words include the parents, grandparents and brothers of the pronoun which
2 Related words can be related to the pronoun in two layers.

If the related words are verbs, the related words will be replaced by its verb stem
3 Paternity The pronoun is the head or the modifier in the dependency relation.
4 Type of dependency relation Such as subject-predicate relationship, verb-object relationship

How many layers between the pronoun and the related word. In our experiment,
the maximal depth is limited to the second layer.

The words and their part-of-speech | In our experiment, we use the first three words before the pronoun and the first
around the pronoun three words after the pronoun.

7 Transition feature The type of the previous pronoun and the following pronoun.

bb 4, 7 - “Take it to Bath”. 1 556, B AT IR F AR A7 15V AR BT 25 A8 AT 43 20 R AR O¢ R = oo Al
dobj(Take,it), prep(Take,to), pobj(to,Bath).
X L) dobj,prep,dobj $5 ) J& B 4% F2 & (direct object) 411 %5 i (preposition) . /) 4 i (preposition object), P
2 2% Stanford Parser )i ¢ R #5215 1 (http://nlp.stanford.edu/software/lex-parser.shtml).
MG F8 = T2 B ) rhAh BB B R A G R
FEAE 1. A it
AR 2. AR AT P AN, it 1 S5 “Take” LA A It 3 “to™.
14 3. it 7F dobj(Take,it) ™ & )L T
HFAE 4. dobj(Take,it) P, 4461 5¢ R 221 J “dobj”, prep(Take,to) ' 4k 4 5< R 2T J& “prep”.
FFIE 5. dobj(Take,it) (I HASR & /& 1, prep(Take,to) IR AHCHAR B 42 2.
FF1E 6. Take/VB, to/TO, Bath/NNP.
TN U 30 2 288 BT 1 HH AT AL 8 1 B D] PR A7 30, 491 2

] 5:s: nine a.m. uh wait a second uh also loading the let’s see let me see it’s gonna take an hour to unload

5 Depth of dependency relation

should be noon
u: noon
s is it
%l 5 HEE 3 A A PRSI, TGI8 A2 ARG 2R = 0 4 I S A1 o) 1R 3] AR AS A PR 7R 1% g AR IR it 1 43
T B IX AR 0, A SR S T i 2% R AR e 41 2 1) 1) B JR AR SR e, B g o i — AN AR R S — AR R 2
AT I ZHFAEAT JHRAE 7.
3.2 ZiAMEARIRHRE
3.2.1 WHELR
PAVAEIET OB X5 AL TE R B B 1B VE 43 AT 45 SR IS0 T 20 A T 98 3k & A x i A A7 1) 32 i 20 BT S B,
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B2 ] Jd v o R A2 ] LA T A R T T i A4 R R AR RO R SN A T R BRI EE T A
i) LV 2 T g AR A M 3 U A T S 0 22 ) AT IR0 T A A B TR A A 4 A R O 1 2R T R
b A 5 M LA ARAIE, P FE P AT A Uk i A A B,

] b, 4 A8 15, R AVT A AT b ) 7 vl 1 45 9 0 ] R L A T A R R A P R AR IR A e AT .
A5 326 6 AT ]2 75 HA IR A U] L0 B K A Ol — M.

2 1 (binding theory) [l £ A5 f — Bl i VA L) SO TSP AZ FE 18 RS 7 78R 5 (1) Jo 3 VYR 45 M) B A7 AE JE i
“ABETLARFR A B < 20 ELAHFR AR K% T 451

5] 6:That engine would make it.

% 6 ) “engine” F“it”#% [7] — /N H 17 “make” 4P i€ (binding),“it”ill % 2 5 7] “engine”.“engine” Al “it” & T
“ABEAH EARA IR 8 8 R U HARA I T — M A R & AR

R 7E AR AR M AR T 22 U P 11120 A St SR P A S VR AT 2 i S £ 2 SRR A )
RV 8 SEAT 1] 2 75 5 AN R AH B AR B b Z0HR A0 (1 2 R
322 ENAK

S BT S SRR IR, S T 388 G DR E DO TR ) v 1T e BB R, ) P S T A 3RV A
R T AR AR SCR T AR RO VI 2R304 140 HH42 S % (mention count, B 4% 085 )0V iy 14 i, e e B %
A7 o BT 90% AR AR 1A AR5 E Bl 4l RO 2L 1] (1 1 L R .

TE AR S AR IR, AR SR T8 0 25 T OB G 3 = Jo 10 5 ik, g 7 J s

5] 7:pick up oranges to put in the boxcars.

VB AR AT 2 A L 0 = oA A R

prt(pick,up), dobj(pick,oranges), aux(put,to), xcomp(pick,put), prep(put,in), det(boxcars,the), pobj(in,boxcars).

TEIX HE AR O 2,5 22 = J0 2 dobj(pick,oranges)Fl pobj(in,boxcars)5 £ A& F 45 1145 B v e 78 75 21 BT 90%
23 M F AR 1A S8 AT 1 1117 “oranges™ Al “boxcars” HH & 3K W5 4N 5& K Bl hil B H oK X A VI 2R Rl B3 2 ),
Xof X el 0 96 2R P BEAT — OO U AT DX 43 BE /NI OR B = e 4 B e SR T VA R

W F) KR =04l dobj(pick,oranges) LIV A2, F, KMk &R = 04l dobj(pick,*) H IR A= o+
TN IR IR R (B /o) (R R T 45 5 B MBEAS 56 R = o 20K 4 O B B 7R I 2Rk E AN DS
RAF AN 0.1,

0 FH VB SCHRFAIE W AR ST, 2 2R 5 B2V 8 1 AR A e T (9 ) 7 P AT IR — MKIBOC R dobj(pick, pronoun),
pronoun K 7 it 1M AE I A 3], 1T AU i ek A il I AR ¢ R — e LI R R 4R & L7 dobj(pick,orange).
I G R 10 O ZR T T AR S 1 1) 5 75 0 A 1) A ] T A P A G 2R A [ 6 SR 1 4% A, B S Ak 32
A7 3] I A2 “orange”, I8 4 “orange” B B 1K A R A TR AL 5.

3.2.3  JABAFAE

B TAEL 15 SURFIE, AW 8 T S B, BE B SRR AR B 5 BURRAE D 40 228 S AT 3R] 1) B B2 BORMAR A 2 1
B B R AR AN T 2 2 AR A5 0L S AT 18] 2 8] 4T 22 DA T, I 2 25 S8 B AN L TR 22 /01515 R DA g vh 7
SR P — A 50 = TR 0, A SR 1 AR . 53 90,90 3.2.2 43000 0 K 1 b 4 4
2
324 SEATIHIGESE

RIS 3.2.1 W5~55 3.2.3 5 4 RIRFAE, AR SC 53 700 R T S o 75 300Kk 6 S A7 ). — Bl AT Se AT 1l i e e b 4
288 424 i 183320 B S A T ARk 32 21 AT A X R A R AR AR DG R RS SR LA 2% 31 1 5 K Ay A% T
Wi B BN GRS TBEAE 1) R T R i v R, FRATIER T 53— T e AN [R)RR AR ASCER 5 0 £ 777 2, 0 g o e
1o FE A 126 S AT 1) 22 AN RRAE 1) Ze MR I AU T 2 R 1) DK /N SRk 8 B AT ] R A PR AR IR TR A

T3 3% 1(Algorithm 1). 75K T i (] U A 2 43 24 1] U A7 7R ARG 2R (1«42 1] - A1 % 20 B iE A, AN A7 1)
DU B S5 481 e T 4 K 22 04 ] AR ANAEAE FR ARG B8 A N R0 I S ) 80— FECAT 25 3 R T IR 9 4L E S
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TR e AN 2 A543 93 IERG JEE TR 52 T SR A1) AN S B o 481 723 4 1T AN 4 ) S ey T B

AR SCAE G 8 S AT 2Re FH NI 0 sk rh B SR T BT 36 /N0 1 o 14 BT A5 AN A7 AE R AR O R 1) 4 Wl S R AR 1]
AR N e 91,36 IRt 1 i azt ) Fi AR B9 X MRS 00, 1 S AR 1) AN 1A i U Ay ™ T AEL il 8 i 1
A AR R IR L S S AT S R 2 190 1) 44 ] e v R T A Bkt A Ay S 810U SV 5 v R B AR R BRAT 193 1)
PG S AT WIAE S 3.2 F5 T IR (R AREAE, 71403 LA A AT 1 K A 1 (A PR AR 1) B s AT ) IOAE — i AR 4
PR

Forp FAAT R Bk L VAR AL SEAT U AR AR T AL B ARG RV S AT 1R T S AR
PR HR A K AL

SR AR £ TSR P L AT B 1 e 4 2 PR B s i, A SCRE B 70 O 0~3,4~10,11~16 FUKT 16 (1 4 A4
X J].

e e AR AR DX T ) 73 Ak B A% R B S BRI AT B SEAT ] 0 AE R 4 AN DX Ta], 20 59 A B Fi AR B 0 1
FERARIEC 1~2. BRARE 3~10. HHRAURECR T 10.

B SCRFAE AR AR I 6 (ARG R 2 R R 558 3.2.2 19 A 21 1% 75 125 BTl PR A0 G R ABEAR UL I UG T 1)
WA F1/F HE S0 4 AL M504 0.1~0.2,0.2~0.3,0.3~0.4, KT 0.4.

TR X (] 14 el 70 30 M Al 20 6 A U R T R R R A (T RE RS 10 A TT B R b A SCBEA B
324 H 2 (developing) i 43, 4 T UINZRATINRFB 40 Hod, I 0B R 420K, IR TE R 47K, 7 LA 4.1 79).

FRATTR 2 A B KRG 23 28 s i 93 21 2t ) W A AR 45 AX 50 2R 0 M€ 328 5 AT 3] v AL B K RIS A A 4 Be 4 1)
T PR 5 R0 R 2 AN W AR T 08 A [ — ) 7 F Hh A 4 BN 2 3045 (I 2o P AR ) ) vt B 4 TR
PV 0 33 Y 28

F53% 2(Algorithm 2). FATTHAE L 547 1] AN RV RFAE T I 37 £ 28 56 BT 2 R P B v KA D die Al
REM AR AR S AT 3] B ST 7 ik

FAT R — B Nu,— 30N | AA—BUh-1.

PHBRFEALTE R,R AR 126 5647 Z [0 4 2 /D1 i

TR AR AU Sy, M5 AIE 2 s 5 38 S5 AT 1 2 15 AE A ) R TP 2 0 — 1L ANAE D 0. 301 SRAB R S 47 1] AR 75 &
ANBEFRAC T 2 Z0HR AR 29 R RI I, I8 2 8 AT A2 A% 8 SEAT ] HE B B 1B b I A5 .

&R Mc.

H SCRFIERUTE. Se, AN fE -5 5 S5 il HUFR MO O% R UL A 0,BEVLIC A Fi/F, HIK VDN,

1516 64T 17 B (AL TR Weight=2, Nu+ AR+ A3 Sy+ A Mc+AsSe AU T 5 K AR 5647 37 4 Ay 38 ikt &5

XLERFAE AR (2 A, <i<SHMRHE L K0 IR T 918, 285 T8 I I 253 BT TR 48 3R A5 . 01 R 2 ML 5B AT
T ASUE A [, )36 % 75 10 55 070 1 M),
3.3 FFRIFMREARIAER

H A5 3 S R O 5 0 ) 5 T I 0 AT WA R 2 T A TSI R R R T R DA A A LA
T 1) S A IR Ay DR T LG 136 8 4t IS R U T A 15 T

%] 8:u: and they now they have to go to Corning

s: okay so they’ll get to Corning at at five a.m.

u: [then to Dansville];

U

: [that];’s six a.m.
u: and [then to Avon],
s: so [that],’1l be nine sorry nine p.m.
il 8t [that]y,[that], JTHE ] (IR G448 W6 e T A0 il JL 8, AN ) 1~ B 3 il J i
B0 T X 13 AR DA L5 0, A SCHE A 32 SR U AR A DA S B i — A gy ] L ) I % R A
W P10 V5 TR ATTHE T S H I %) B 1) 66 A A 1] T D T T TP A 32 A i A S R B3R v R A
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FHLT 93 288 o B i i 5 M 2 0 PR T 4 WA 36 97 26 PP R 30T — A g i 5 1
4 £ W

4.1 FERIREmLE

1 ) 155 5 4% 9 A AR S IF 5% BT B0 RE H AT IE AN 88—, 2 AN R R [ 0 TR AR, 1esTH,
GENIA!""! Switchboard®” Monroe!®, Trains-915*! Trains-931*445 A3 R H T Tranis-93(http://www.cs.rochester.
edu/research/cisd/resources/trains.html). 1% 75 8k A X6 1 1cd 35 2B 8 kL W RL B A AR s RN S AR T 6 0 R R
J5 53 A ST R I B 23 7 SCHR[4TH AT 1) 10 F Trains-93 i kh(Trains-93 Ht 98 Fiix i, SCHR[4]F ARvE
T Hidh 10 8, W ftp:/ftp.cs.rochester.edu/pub/papers/ai/03. TR 703-BUR-pron-annotation.sgm1)™*!, H: 4% () 88 25 3847
FRI:JE A R UGB (BR: (158 B & AR E http://www.jkx.fudan.edu.cn/mcwil/~zcfei/ar/Trains-93_AR_tagged.rar).

N T B TR VE VR A M I SR BRATT 1 S VL AT 0 AT LA A B AT A TRAR B 2k R v ek e A U, g
“un”,“um” %5 0 H ILLE B — AN 1E T AU 1 “well”,“and”, “then” 2% $5; 7E “okay”,“no”, “yes(yeap)” Hl “alright” (] 7l /5
0 b T8 T U T A ] 2 B BRAT D U e R I R T A [ ) T Ak

2 R IEE R AR T O

Table 2  Statistic about the pronouns in the annotated Trains-93 in Ref.[4]
F 2 SCER[41PARTE Y Trains-93 W ERE EACI 23 284001 45 1

Pronoun Nominal-Pronoun Non-Nominal-Pronoun Total
This 0 0% 1 100% 1
That 20 20.4% 78 79.6% 98

It 45 69.2% 20 30.8% 65
They 16 84.2% 3 15.8% 19
Them 10 76.9% 3 23.1% 13
These 0 — 0 - 0
Those 4 57.1% 3 42.9% 7

Themselves 1 100% 0 0 1
Total 96 46.8% 108 53.2% 204

42 KWHER
% 3 AR M 45 F DR O AR 432 B R T LR AR B R A T R, AN SCMCAE 453 Trains-93 Wkl L
Fi 10-fold A2 X6, 35 5K F wir N AR Ft e A0E T A 1 45 SR A L.

Table 3 Results of pronouns classification (accuracy)

=3 U434 W (accuracy)

Feature Classifier IT (%) ALL (%)
CME 88.5 -
C Feature SVM 371 3
CME 86.6 -
M_Feature SVM 395 N
CME 92.5 91.9
D_Feature CRF 922 92.6
SVM 92.1 91.3
CME 89.2 90.3
W_feature CRF 89.3 91.9
SVM 89.2 90.0
D_Feature CME 93.9 93.3
= CRF 93.5 93.3
W _feature SVM 93.1 92.6

% 3H1,C_Feature j& SCHR[9,17153 F I A8 F (¥ 56 1 F RO (KRR, M_Feature /& 55 2.1 154 S 1) SCHR[15]
S IR AE.D_feature 5232 1 FAE 1~HF1E 5.W _feature 7236 1 WEFIE 6.“TT¥5 f1) 2 L TE R 5 i <it”, [X]
JVYEN Baseline 11 C Feature 1 M_Feature #B % BLin]“it” 43 28, it LA R 7 % B3 P 2R AiE ) 0F it i 7 43
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Z& ALL 5 10 J2 5T “it”,“that”,“this” “these”,“those”,“they”, “them” [F] i} 4> 2& Il Zx 1% R A1 I 3 35 B 4 1
“themselves”#f H A3 44 1] PEFR AR, A SCBA W H 4325,

SR RIFBAV BIRA T 4 KM B MEAZ S HF M LS VM) BA . — Wi 4% A Bl HL ) (first-order-CRF) RF A
7 2T R H S AR L) I A H.

M 3 W LLE AR SO 4 B 3R R 5 DU IR T T R0 R AR AH B, 43 2K B (accuracy)H T
I 5 B3 s AT R K D_Feature F1 W_Feature #5GEXT AR 1A 23 e 2R K 1) 4F FH A5 P9 B ARe AiE [ B 45 FH B
I3 R s U LR N (0 AR AR TR AR XS it 0 40 2K b AT “this”, “that”,“it”,“they”,“these”,“those” # 12
AT T 538, s T 4.

K I CRF BEALINT, frn 5V fif it CRF 280 H CME 25— 28 3 S R by 3 v it 2 8] ] g 23 A7 S A AR 3w, it
J7 5 22 )t = A G AL 7 [ B 9 A I AL AR ] BF CRF 80 2241 T- CME.

340, FATTLE SCHR[41 38 B B TR BCGAR, RN R D_Feature T W_Feature,fl CME Xtit” {153 25K 5 4
90.7%,H] CRF Xf Fr A A1l ) 73 KRG E A 89.8%.

70 MR S5 26 F5 AR T M8 45 S i, BT A8 DGO RE b v AR T SOk [4] H 42 B 1 AR A “it,“that”,“them”,
“themselves”,“that”,“this”,“those”, /H it 45 . W.3% 4. & 5.

Table 4 Results of anaphoric and non-anaphoric pronouns resolution (%)
F4 A EACE FR AR 2 AR PR AR R AR (%)
Pronoun Nominal-Pronoun (Algorithm 1) Nominal-Pronoun (Algorithm 2) Non-Nominal-Pronoun
Precision Recall Precision Recall Precision Recall
It 88.2 66.7 73.5 67.4 70.3 65.5
They 82.4 W3.7 100 94.7 - -
Them 70 70 76.9 76.9 - -
Themselves 0 0 100 100 - -
That &l 25 75 54.5 73.7 56.0
This - - - - 100 100
Those 40 50 100 100 - —
Total 78.1 60 81.8 72.2 72.1 59.0
Table 5 Comparison of our work and baselines
F 5 IRATHISER LK S R HE SR 1 BL R
Pronoun Our experiments (Experiment 1) Experiments of Byron (Experiment 2) LRC
C T P (%) R (%) C T P (%) R (%) C T P (%) R (%)
It 44 61 72.1 67.7 37 50 74 56.9 27 36 75 41.5
They 18 18 100 94.7 15 19 79 79 14 15 93 73.7
Them 10 13 76.9 76.9 10 10 100 76.9 6 7 85.7 46.2
Themselves 1 1 100 100 1 1 100 100 1 1 100 100
That 54 74 73.0 55.1 62 93 62 63.3 5 20 25 5.1
This 1 1 100 100 0 1 0 0 0 0 - 0
Those 6 6 100 100 5 6 83 83 4 4 100 66.7
Total 134 174 77.0 66.0 130 180 72 64.0 57 83 68.7 28.1
AR SRR A e de 24 25 I VE IR A T G VP A5 D
L A=1E0f 7 i 1R A ] e A, B= gt ) A ] e 2, C= 30 AR P A ] S
I %=4/B (1)
A K =4/C )

“this” 7E W IR 15 kL A A LA G PEFR AR, “they”, “them”, “themselves”, “those” 7E Ml i 15 K} 1 e H B AE 44
R T LASR 4 oAH R T O A .

FHEE 4 P DUR L, D79 1 BR 7 15 2 S5 AR T A 45 R A, e I 9 A0k i sl 2 A oAy 4 20 i A8 ) o 2 o N 2R A
IERFEGIATAG 3-8 45 FE D kg vis i 45 SR8 P S T 10 0 s 556 AT 25 #RT 088 77— 8 PR 538 T 3% HR XS ““qe | ¥
g7 1 IER AR G790 2 8 i R 4 [l 20 ARG, 33X 2 DRI R 0KV A0k ) R 2 A Ay 43 28 1) I e 6 2 AT ]
I L RETE 23 2845 ) T 0 FHAR AR “ AR Fig ARG R (06 308 e AT 3l v g, dan A3 B9 T A 40 3B AT 3 B A 23 R 28 4
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W7 Ry “AAETEFR AR R, LA VA T i 25 AL 2 1 L 7 LA A 3] 0 9 At vt A7 TE.

F 5 AL S0 TN SCHR[4] 5256 45 LU (3R 2 W those $iim ol 7 AN AU AR SCER[41R A 1 ikl b L rp
— AT W AR A ambiguous, % 5 UL (R Z N B A AR R MR S L B AR 6 AT B STk [4]4E
P AR SR — 2 DI, e LA A% 40 4 0 9 A A m] T DO — RS VP 1) S AV Al 2 SR b © D IE R g AR
R, T AT AR AR B, P O IE AR Ol A4 A1 L Experiment 1 #4344 1A R AR SR T T 51 2.
Experiment 2 F1 LRC [1) 45 S35 9 SCHR (417 10 2508 0K 18 ) A A v A s 2 LR 2.

£ 5 A LLAE 1,5 Byron [ T AEAH EL, 7 AR AC 1A “that” I, FeATT i TAF 4 [0 R Am A%, IR 4 ZEE B 53T 80%
) “that”#5 /& JF 44 17 P 3R AR, AE 4 T PR 48 AT il 58 2 O T V8- v5 20 B 45 R, AT I S0k e AR v b} b ek AT T
Byron f) TAE & E N TP a A vk Fadb A7 iUt S0 At AR ] f 30 Aot B AT A0 4% I Wk 04 ot 0 A i B B 3 1 1 ik
45T Byron B LAE. 3R 5 o, LRC vk L Ge T i 4l a4, BT LA [R] R A (.
4.3 $HIRDH

A ST AR AR ) T AR R B DS TR, e A T P R AT AR A R B G VR TR RS K
— 7 LA R B VL 20 W 3 B 2 Se AT 1 B 40 ok 44 ) RS X T BUB AT TS BE B JBCAE AR 3 e ATl v o — T
A, T35 0 T PR 3% 2 3 S0l JDCAE 15 P V5 Y AR A AR SCREAE . L IR 0] 136 8 5 [l 8 A 32 8 e 1, DL 48 AR 25
BB KRR B A 5 R BUN MR R AR 2 T PE R A R AR B — 2N VR T B R, A D B R
B A A 2 TS > Bl 3 RV 4 BT B 1A A, S B SE AT R R R, ) — SR A Rl kT
GIEAR B 1 AZ) i 5 TR R T0 I SC R H I A AT — A SR %) ) 1) A 1 R O, AR S E T IR AS R Y AR X Fp
ZAT IR

5 RES5RE

ASLR GBI N T A GEAXTA T A QT A PR B0 AU A 1 658 138 v 03 P A DA B DA 0] 11 78 R AR 84K
T AR AR ) — 254N AR R B T — o8 2 A B i o) 438 P A il A A vk B0 A 4% 44 ) AR 3] i
ARANAE A W A FRAQ R 70 28« A 1) PR AT AR T At LA R AL A ] AR ] 8 AR 30 A8 S50l LIOK 3055 1 o k)
AT A KR AN S 8 SO BEAT AR 8 AT A 9 T A AR AR B A SO T AR IS T s i 4 2R
B T AR RE A T ER T USRS SCROR I it 2 — & SRS A 1 T 6 18 A Rk b 3. i DA K 22 HOH 5% AR
FEAE T TR VL BT AR L VA S5 M IO ERE L BEAT A DR E AR S (0 05 3 mT UL R B T B 3l i X R gt A
353 BRSO 2 ARAE T AR SO R (R AR 33 mT DL il AN 5 28T TR R i AT BN T SOREAR, A
it SEAE YNGR B EAT AR N (9 8 o AR T A AN D AR S AR AR R T A L 1] Bl 5 R 1 77 7.

FEH fp R P BRAT T A L, AT 8 0 AR AR B RO e A e, an R AR Bl aze s A7 009 A AN [F) 4L 7
SN DL IRV 28 AR T 0 25 AR I L 4 A AT FA 3 A7 1m0 2. 53 0 A SV A o e o 3 BEAT 78 70 R I %S
0 R RFALE , 2 75 X6 175 15 15 B 70 (speech  unit) 2 B0 750 135 1 2 1) 46 A5 A L 3K 6 A5 SN PR AT A — o 1 3
B ey 1 205 5 435 1 B AR FE A VS G R, 2 BRAT AR B AR 2 BB 7 A

References:

[1] Lemon O, Gruenstein A, Peters SCollaborative activities and multi-tasking in dialog system. Traitment Atomatique des Lngues,
Special Issue on Dialogue, 2002,43(2):131-154.

[2] Eckert M, Strube M. Dialogue acts, synchronizing units and anaphora resolution. Journal of Semantics, 2000,17(1):51-89. [doi:
10.1093/jos/17.1.51]

[3] Strube M, Miiller C. A machine learning approach to pronoun resolution in spoken dialog. In: Tsujii J, ed. Proc. of the Annual
Meeting on Association for Computational Linguistics. Morristown: ACL, 2003. 168—175. [doi: 10.3115/1075096.1075118]

[4] Byron DK. Resolving pronominal reference to abstract entities [Ph.D. Thesis]. Rochester: University of Rochester, 2004.

[5] Tetreault J, Allen J. Semantics, dialogue, and reference resolution. In: Proc. of the CATALOG. 2004. http://www.cs.rochester.edu/
u/tetreaul/sd04.pdf

© PEBEBSAITT  hip:/ www. jos. org. cn



FAPAE F 00 3E3T 38 b 6y R F8 RN R 243

[6] Pappuswamy U, Jordan PW, Van Lehn K. Resolving discourse deictic anaphors in tutorial dialogues. In: Proc. of the Constraints in
Discourse. 2005. 96—103. http://www.public.asu.edu/~kvanlehn/Stringent/PDF/05CSS_UP_PWJ_KVL.pdf

[71 Eckert M, Strube M. Resolving discourse deictic anaphora in dialogues. In: Proc. of the 9th Conf. of the European Chapter of the
Association for Computational Linguistics (EACL). Morristown: ACL, 1999. 37-44. http://acl.ldc.upenn.edu/E/E99/E99-1006.pdf
[doi: 10.3115/977035.977042]

[8] Bergsma S, Lin DK, Goebel R. Distributional identification of non-referential pronouns. In: McKeown K, ed. Proc. of the Annual
Meeting on Association for Computational Linguistics (ACL 2008: HLT). Morristown: ACL, 2008. 10-18.

[9] Evans R. Applying machine learning toward an automatic classification of it. Literary and Linguistic Computing, 2001,16(1):
45-57. [doi: 10.1093/11¢/16.1.45]

[10] Dimitrov M, Bontcheva K, Cunningham H, Maynard D. A light-weight approach to coreference resolution for named entities in
text. In: Branco A, et al., eds. Proc. of the 4th Discourse Anaphora and Anaphor Resolution Colloquium (DAARC). Lisboa:
Edigdes Colibri, 2002. http://www.gate.ac.uk/sale/daarc2002/DAARC2002.pdf

[11] Webber B. Structure and ostention in the interpretation of discourse deixis. Language and Cognitive Processes, 1991,6:107—-135.
[doi: 10.1080/01690969108406940]

[12] Tetreault JR. Analysis of syntax-based pronoun resolution methods. In: Proc. of the 37th Annual Meeting on Association for
Computational Linguistics. Morristown: ACL, 1999. 602-605. [doi: 10.3115/1034678.1034688]

[13] Miiller C. Resolving it, this, and that in unrestricted multi-party dialog. In: Carroll J, ed. Proc. of the Annual Meeting on
Association for Computational Linguistics. Morristown: ACL, 2007. 816—-823.

[14] Boyd A, Gegg-Harrison W, Byron D. Identifying non-referential it: A machine learning approach incorporating linguistically
motivated patterns. In: Proc. of the ACL Workshop on Feature Selection for Machine Learning in NLP. 2005. 40-47.
http://acl.ldc.upenn.edu/W/W05/W05-0406.pdf

[15] Miiller C. Automatic detection of nonreferential it in spoken multi-party dialog. In: McCarthy D, Wintner S, eds. Proc. of the 11th
Conf. of the European Chapter of the Association for Computational Linguistics (EACL). Morristown: ACL, 2006. 49-56.

[16] Ng V, Cardie C. Identifying anaphoric and non-anaphoric noun phrases to improve coreference resolution. In: Proc. of the 19th
Int’l Conf. on Computational Linguistics (COLING). Morristown: ACL, 2002. 730-736. http://www.cs.cornell.edu/yung/papers/
coling02.ps [doi: 10.3115/1072228.1072367]

[17] Litran JCC, Satou K, Torisawa K. Improving the identification of non-anaphoric “it” using support vector machines. In: Proc. of
the Int’l Joint Workshop on Natural Language Processing in Biomedicine and its Applications. 2004. 58-61.
http://acl.ldc.upenn.edu/W/W04/W04-1210.pdf

[18] Ng V, Cardie C. Improving machine learning approaches to coreference resolution. In: Isabelle P, ed. Proc. of the 40th Annual
Meeting on Association for Computational Linguistics. Morristown: ACL, 2002. 104-111. [doi: 10.3115/1073083.1073102]

[19] Lappin S, Leass HJ. An algorithm for pronominal anaphora resolution. Computational Linguistics, 1994,20(4):535-561.

[20] Grosz BJ, Joshi AK, Weinstein S. Centering: A framework for modeling the local coherence of discourse. Computational
Linguistics, 1995,21(2):203-225.

[21] Woei-A-Jin JLRD. Reference resolution in a speech recognition environment. Technical Report, DKS04-01, Delft: Delft
University of Technology, 2001.

[22] Wang HF. Survey: Computational models and technologies in anaphora resolution. Journal of Chinese Information Processing,
2002,16(6):9-17 (in Chinese with English abstract).

[23] Wang ZQ. Research on Chinese coreference resolution and its related technologies [Ph.D. Thesis]. Beijing: Beijing Posts and
Telecommunications University, 2006 (in Chinese with English abstract).

[24] Ng V. Shallow semantics for coreference resolution. In: Proc. of the Joint Conf. on Artificial Intelligence (IJCAI). IJCAI, 2007.
1689—-1694. http://www.hlt.utdallas.edu/~vince/talks/ijcai07.pdf

[25] Yang XF, Su J, Tan CL. Improving pronoun resolution using statistics-based semantic compatibility information. In: Knight K, ed.
Proc. of the 43rd Annual Meeting on Association for Computational Linguistics. Morristown: ACL, 2005. 33—-40. [doi: 10.3115/
1219840.1219861]

© HEBEERAET hipd/ www, jos. org. cn



244 Journal of Software A5 4R Vol.22, No.2, February 2011

[26] Yang XF, SuJ. Coreference resolution using semantic relatedness information from automatically discovered patterns. In: Carroll J,
ed. Proc. of the 45th Annual Meeting on Association for Computational Linguistics. Morristown: ACL, 2007. 528-535.

[27] Navarretta C. Resolving individual and abstract anaphora in texts and dialogues. In: Proc. of the 20th Int’l Conf. of Computational
Linguistics. Morristown: ACL, 2004. 233-239. http://acl.ldc.upenn.edu/C/C04/C04-1034.pdf [doi: 10.3115/1220355.1220389]

[28] Chomsky N. Lectures on Government and Binding: The Pisa Lectures. Dordrecht: Foris Publications, 1981.

[29] Reinhart T. Binding Theory. In: Wilson RA, Keil FC, eds. The MIT Encyclopedia of the Cognitive Sciences. Cambridge: MIT
Press, 1999. 86—88.

[30] Ge NY, Hale J, Charniak E. A statistical approach to anaphora resolution. In: Charniak E, ed. Proc. of the 6th Workshop on Very
Large Corpora. Montréal: Université de Montréal, 1998. 161-170.

[31] Soon WM, Ng HT, Lim DCY. A machine learning approach to conference resolution of noun phrases. Computational Linguistics,
2001,27(4):521-544. [doi: 10.1162/089120101753342653]

[32] Qian W, Guo YK, Zhou YQ, Wu LD. English noun phrase coreference resolution via a maximum entropy model. Journal of
Computer Research and Development, 2003,40(9):1337—-1342 (in Chinese with English abstract).

[33] Artstein R, Poesio M. Identifying reference to abstract objects in dialogue. In: Schlangen D, Fernandez R, eds. Proc. of the 10th
Workshop on the Semantics and Pragmatics of Dialogue. Potsdam: Universitit Potsdam, 2006. 56—63.

[34] Artstein R. Quality control of corpus annotation through reliability measures. In: Proc. of the Annual Meeting on Association for
Computational Linguistics. Morristown: ACL, 2007. Http://ron.artstein.org/publications/2007-acl-t5-slides.pdf

[35] Baldwin B. CogNIAC: High precision coreference with limited knowledge and linguistic resources. In: Proc. of the ACL-EACL
Workshop on Operational Factors in Practical, Robust Anaphora Resolution. Morristown: ACL, 1997. 38—45.

[36] Gaizauskas R, Humphreys K. Quantitative evaluation of coreference algorithms in an information extraction system. In: Proc. of
the Discourse Anaphora and Anaphor Resolution Colloquium (DAARC-1). London: University College London Press, 1996.

[37] Harabagiu SM. Maiorano SJ. Knowledge-Lean coreference resolution and its relation to textual cohesion and coherence. In: Proc.
of the ACL Workshop on the Relation of Discourse/Dialogue Structure and Reference. Morristown: ACL, 1999. 29-38.
http://acl.ldc.upenn.edu/W/W99/W99-0104.pdf

M HR 3055 S0k

[22] B RV FRAR I M I BEAR D7 VL R SE B A P S A B2 41,2002,16(6):9-17.

[23] ER SR DGESR AT R B SR AR S [ L 2% A7 18 3] Ak 5 b 5T iE f 2K 2%,2006.

[32] R, B LA B, JE A, S S 8 T e KA AR 14 90 S 47 1 6 T R AR . T SEPLIE 90 45 % JiE,2003,40(9): 13371342,

BMEB(1979 ), 0, & WA AN Lk
LERFTTAIC F AR T A 3, X A

(1972 —), & [+ #z HHE S

R R EEOTLAUR N B R

BFEE (1976 —), %, W+, YFIl,CCF &,
FETIF AN FARTE S AT B R.

RB(1937—), 9, 8%, W LR,
TIFFLATR N (AR T8 5 A3 A5 A 2R A
AL

© PEBEBSAITT  hip:/ www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


